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ROCKY FLATS PLANT FLUIDIZED BED INCINERATOR

RADIOACTIVE EMISSIONS AND HEALTH RISKS

INTRODUCTION

Total emissions, air concentrations, and projected radiation
doses were calculated for both the verification run and for
expected routine operations for the Rocky Flats Plant Fluidized
Bed Incinerator (FBI). While these calculations do not represent
as comprehensive a pathway analysis as has been done previously
for all Plant emissions in the Rocky Flats Envaronmental Impact
Statement (EIS), they do include the major contributions to
radiation dose and provide estimates of the general significance
of the FBI operation on public health.(US88) Several assumptions
were incorporated into the calculations which would tend to
overestimate the resulting emissions, concentration, and dose
values. Results of the calculations indicate that concentrations
and projected radiation doses would be far below applicable
radiation protection standards. Radiation doses would be
insignificant in comparison to those received by Denver area
residents from exposure to naturally occurring radiation and
radiocactive materaials.

BASIS OF THE CALCULATIONS AND ASSUMPTIONS MADE
Yerafaication Run -

Six individual runs currently are proposed for the FBI
verification run. Three of the runs will be for liquid waste and
three for solid waste. Each run will last for 4 hours. One of
the liquid waste runs will include depleted-uranium-contaminated
waste. One of the s0lid waste runs would include depleted-
uranium-contaminated waste and the remaining two would include
wvaste contaminated with plutonium. Specific information on the
S1X runs 1s given in the accompanying tables.

The depleted uranium concentration in the verification run will
be 0.17 weight percent. The plutonium concentration will be 100
nanocuries (nCi) per gram of waste. The ?lpha—radlatlon specific
activity of depleted uranium is 3.8 x 187/ Curies per gram and of
plutonium 1s £.8732 Curies per gram. Beta radiation was not
included 1n these specific actavities because beta radiation 1s a
relatively insignificant contributor to dose and omitting 1t 1in
the specific activity values tends to overestimate the calculated
concentrations and doses. Additional information on isotopic
composition and specific activity may be found in the Rocky Flats
Plant Environmental Impact Statement (EIS).(US80)

The air emission flow rate used for the building exit 1s 8636
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cubic meters per hour. This is based on the average flow rate
for the ventilation system serving the FBI in 1986. It 1s used
to calculate the radiocactivity concentration of air at the point
i1t exits the building.

The relative concentration of radioactivaity at the Plant boundary
(X/Q) (from a unit concentration release) downwind from the
emission point 1s calculated using the Gaussian form of solution
to diffusion equations. The symbol, X, represents the
concentration (i1n picocuries per cubic meters) and the symbol, Q,
represents the radioactivity emission rate (in picocuries per
second). The Gaussian distribution yields a peak value along the
centerline of the emitted plume with the values falling off
exponentially in both directions normal to the wind directaion.

For the calculations in this report, the following assumptions
were made, many of which tend to maximize the calculated
concentrations:

1) Releases are at ground-level from a point source;

2) There 1s no depletion of the airborne effluent by
washout, settling, or surface deposition;

3) There are no significant terrain changes near the Plant
site;

4) Plume centerline concentrations are calculated;

5) No reduction 1n concentration 1s made for building wake
dilution;

6) Wind speed i1s 3 meters per second, atmospheric stability
corresponds to a Pasquill category E;

7) The hypothetical individual receiving the dose was
located at the nearest Plant boundary (1.2 miles) and was
impacted by the centerline effluent plume concentration
throughout all incinerations performed. In fact no one resides
at this locataion.

The resulting equation for relative concentration, 1is
X/Q = 1/ tfoyo,i) = 3.5 x 1875 s/m’

as defined 1n the Rocky Flats Envaronmental Impact
Statement. (0S88)

The breathing_rate assumed for the postulated impacted individual
was 2.66 X 162 milliliters per second.

A minimum a five stages of High Efficiency Particulate Air (HEPA)
filters will be used to filter particulates from the FBI air
effluent prior to 1ts exiting the building. Each of the HEPA
filters 1s individually tested and certified to provide a minimum
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filtration efficiency of 99.97%. Once installed the HEPA bank is
tested to assure a filtration efficiency of 99.95% or more. For
these calculations, 1t was assumed that the first bank of HEPA
filters provides a filtering efficiency of 99.95% and that the
subsequent four banks provide an efficiency of 99.?% each. The
resulting HEPA filter reduction factor 1s 8 x 18+2?. This as
consistent waith the assumptions made in the EIS.

It also was assumed in the calculations that no plutonium and
uranium remain trapped in the incinerator fluidized bed ash and
that all of the radiocactivity 1s contained in the exiting
incinerator air streanm. This assumption maximizes the
radioactavity which challenges the HEPA filters.

Radiation dose conversion factors for uranium and plutonium are
58-year committed effective dose equivalent conversion factors
calculated from radiation dosimetry data provided in Publication
No. 30 of the International Commission on Radiological
Protection.(IN79) Uranium-238 was- used to represent depleted
uranium and plutonium-239 was used for plutonium. These isotopes
are the major constituents of the isotopic mixtures of these
materials and the most significant contributors to radiation dose
from them. The 58-year committed effec%xve dose equivalent
conversion factor for uranium i1s 1.2 X 1 rem per microcurie
inhaled and for plutonium 1s 5.1 X 16< rem per microcurie
inhaled. 1Inhalation is the predominant pathway for radiation
dose for both of these materials; all other pathways are
insignicant in comparison.

Rountine Operations -

For emission, concentration and dose calculations for routine
operations of the FBI, the plutonium concentration in the waste
was assumed to be 108 nanocuries per gram of waste. During
routine operations, actual plutonium concentrations should be
much less than this maximum. For theﬁe calculations the uranium
concentration was assumed as 1 X 18% picocuries per liter of
waste. This 1s at the high end of the concentrations currently
measured in candidate liquid waste streams for the FBI. This
concentration was assumed for both liguid and solid waste. It 1is
expected that the solid waste concentration would be lower.

It was assumed that 20f tons of low level waste would be
incinerated per year, although current expectations are somewhat
lower than this. The maximum feed rate of waste would be 158
pounds per hour for solids and 68 pounds per hour for liquids.
For these calculations, a feed rate of 158 pounds per hour was
used for all of the waste, because this rate tended to
overestimate resulting concentrations and doses.

Specific activities, air emission flow rate, X/Q, HEPA filtration
efficiency, breathing rate, and radiation dose conversion factors
all were the same as those assumed for the verification run.
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RESULTS

Calcuiated radiocactive emissions from the verification run are 3
x 16712 microcuries for plutonium and 3 X 16712 microcuries for
uranium. Calculated aér concentrations at the exit point from the
building arf 5 X 1877 picocuries per cubic meter for plutonium
and 4 x 1p-11 picocuries per cubic meter for uranium. At 595
Plant boundary, verification run air concentrations ige 4 X 18
picocuries per cubic meter for plutonium and 4 X 107 picocuries
per cubic meter for uranium. For comparison, the Department of
Energy Derived Concentration Guide for protection of the public
1s .62 picocuries per cubic meter for plutonium and 8.1
picocuries per cubic meter for uranium and assumes a continuous
intake. The Colorado Department of Health concentration limit 1s
0.2 picocuries per cubic meter for plutonium and 1 picocuries
per cubic meter for uranium, assuming continuous intake.

Calculated radioactive emissions for routine operations are 11§
18-7 picocuries per cubic meter for plutonium and 1 X 16~
picocuries per cubic meter for uranium. Air goncentratlons at
the exit point from the building are i X 1677 picocuries per
cubic meter for plutonium and 6 X 1¢-13 picocuries per cubic
meter for uranium. At the P t boundary, routine operations air
concentrations are 5 X 107 picocuries per cubic meter for
plutonium and 5 X 16-17 picocuries per cubic meter for uranium.
Again for comparison, the Department of Energy Derived
Concentration Guide for protection of the public is £.62
picocuries per cubic meter for plutonium and 8.1 picocuries per
cubic meter for uranium.

Calculated radiation doses to a hypothetical individual located
at the nearest Plant boundary ffre 2 X 18”15 rem from the
verification run and 7 X 167 rem per year of routine
operations. These values may be compared with the radiation dose
standard for public protection of 8.1 rem per year for continuous
exposure. Radiation dose received by Denver area residents from
naturally-occurring radiation is about 6.26 rem per year. The
radiation dose standard i1s for doses received from sources other
than natural background radiation and medical sources of
radiation exposures.

DISCUSSION

In the preceding assessment, assumptions were made to simplify
calculations while sti1ll providing a general i1ndication of the
magnitude of impact on public health which could be associated
with the Fluidized Bed Incinerator operations. Many of the
assumptions tended to overestimate the resulting emissions,
concentrations, and dose values.

Plutonium 1s the most significant contributor to projected
offsite doses, and the assumption of the amount of plutonium that



would be involved in routine incinerator operations is greatly
overestimated. Radiation doses were calculated for an indavidual
residing continuously at the Plant boundary, impacted by the
highest air concentrations ain the emission plume during all
periods of incineration. No individual would actually experience
that much exposure.

Calculated air concentrations and resulting radiation doses are
many orders of magnitude below radiation protection standards
which have been adopted by the Department of Energy, the Colorado
Department of Health, and the Environmental Protection Agency.
The estimated radiation doses are well below the radiation doses
received from natural background radiation, even using the
overestimating assumptions made 1n this assessment. Radiation
protection standards are established on the basis of
comprehensive health studies and recommendations made by such
scientific advisory organizations as the National Academy of
Sciences, the National Council of Radiation Protection and
Measurements, and the International Commission on Radiological
Protection. The standards are set at levels which would result
1n a negligible health risk to members of the public who might be
exposed to these levels. Actual radiation doses which might be
received by the public as a result of the Rocky Flats Plant
Fluidized Bed Incinerator operation are far below these levels.
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FLUIDIZED BED INCINERATOR - VERIFICATION RUN

PLUTONIUM INCINERATION

2 runs total, 4 hours per run, 420 lbs waste per run; 180 nCi Pu per gram of waste; N
£.86732 Ci alpha activity per gram Pu,_&%ﬁés cubic meters BET hour air emission flow rate;
HEPA filter reduction factor = 8 X 10 , X/Q = 3.5 X 180 seconds per cubic meter

FOR EACH RUN-
Plutomium inciperated per run - (»

(426 1bs waste/run) (454 g waste/lb waste) (180 nCi Pu/q waste) (1 X 1879 €i/nC1) = 6.02 Ci Pu/run

Conversion to grams and pounds of plutopnium incinerated per xun ~
(¢ 62 Ci Pu/run)/(0 6732 Ci1 Pu/g Pu) = §.27 grams Pu/run
(2 27 ¢ Pu/run) (8.060220 1b/g) = 6.6 X 187% 1b Pu/run

Total plutonivm emMiSsSiOns -

(6.82 Ci/run) (2 runs) (1l X 186 ucizci) (8 x 18715) = 3 x 16-1% uCi total plutonium emissions

Air effluent concentration at building exit - Ci

(0 82 C1 Pu/run) (1 % 1812 pci/ci) (8 x 18715)/((8636 m3/hr) (4 hrs/run)) = 5 % 18~9 pci/m3 at
building exit

AY
Air conceptration at Plant boundary -~

(.82 Ci Py/run){

x 1812 pea/cay (s x 18715) (3.5 x 1875 5/m3)/((4 hr/run) (68 min/hr) (68 s/min))
= 4 X }B'l pCi/m” at Plant boundary
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FLUIDIZED BED INCINERATOR - VERIFICATIOM RUM
URANIUM INCINERATION
2 runt, 4 rours per run, 320 lbs wafte per liguid run, 668 lbs waste per solid run, 0 17%
depleted uranium by weight, 3 8 X 1P Ci alpha activity per gﬁﬁﬂ U, 8636 cubac mgters per hour

air enission flow rate, HFPA filter reduction factor = 8 x 18 x/Q = 3.5 x 16 seconds
per cutaic reter

Uranaum inciperated per rup -

SOLID (600 1lbs waste/run) (8 6017 1b U/1b waste) = 1.82 1b U/run
LIQUID (320 lbs waste/run) (0.6017 1b U/1b waste) = 6.54 1b U/run

)

Conversion to grams and Curies of urapium incinerated per run -

SOLID (1 €2 1b U/run) (454 ¢ U/1lb U) = 463 grams U/run
LIOUIEC (C 54 1b U/rur) (454 g U/1b U) = 247 grams U/run

SOLID (462 g U/rur)(3.8 X 10“77cl U/g U) = 2 X 10‘45c; U/run
LIQUID (247 g U/run){3 8 ¥ 16 Ci U/g U) = 9 X 18 Ci U/run

Total UIRANRAUR em1SsSions -
SOLID. (2 X 1674 c1 u/run) (1 run) (1 X 108 uCi/C1) (8 X lﬁ"lsg = 2X 16712 yc1 uranium emissions

LIQUID (¢ X 1675 €1 U/run) (1 run) (1l X 166 uCi/C1) (8 X 19 =1 x 18722 uca uraniy emissions
TOTAL URANIUH EMISSIONS = 3 X 1f ucCl

Air effluent concentration at building exit -~ g

scLIn (2 x 1674 _c1 u/run) (1 X 1011 pC1/C1) (8 X 10'15 8636 n34hr) (4 Frs/run') = 4 X 10‘1_hpc1/,-
LICUID (2 X 183 Ci1 U/run) (1l X 18 pC1/C1) (8 X 1987 {(8636 m>/hr){4 hrs/run)) = 2 ¥ 10 pCa/r1

ar concentratiop at RPlant boundary -

SOLID (2 X 1074 €3 u/run) (1 x 1012 pCl{gl)(S x,1071%) (3 5 x 1675 s/m3)/((4 hr/rur)
(60 rxr/hg)(sﬁ s/min)) = 4 pCl/m a2t P%ant boundarg \

1IOUID (9 X 1872 €1 U/run)(l X 1@ pCi{gl)(B X_1874°) (3.5 X 107 s/w y/((4 hr/ru=}
, 168 nin/hr) (68 s/mn)) = 2 X 10 pC1/m at Plart boundary
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FLUIDIZED BED INCINERATOP -~ VEFRIFICATION PUN
RADIATION DOSE AT PLANT BOUNDAPY

Bresthing rate = 2.66 X 102 milliliters per second; dose conversion factore = 5 1 X 102 rem

per nicrocurie, plutonium, and 1.2 X 18 rem per microcurie, uranium (T
DOSE FPOM PLUTOMIUM

(4 x 16713 pea/m3y (1 x 206 uC1/pCi)d2.66 X 182 m1/s) (5.1 X 162 rem/uC1) (8 hr/2 runs) (6¢ min/hr
(6€ /min)/(1 X 10° mi/m”) = 2 X 18 rem/2 runs plutonium dose at Plant boundary

DOSE FPON URAMIUN

soLIp (4 x 19715 pea/rdy (1 x 1676 u€a/pCi} (2 66 X 102131/s)(1.2 X 1062 rer/uC1) (4 Fr/1 run)
(60 min/hr) (68 s/man)/(1 X 18° ml/m®) = 2 x 187*° rem/1 run uraniun doce at Plart boundary

LIOUID (2 X 18715 pca/m3y (1 x 1676 BC1/pCy) (2.66 X 1g§8m1/s)(1 2 x 182 rem/uC1) (4 hr/1 run)
{60 min/hr} (68 s/min)/(1 X 18° ml/m”) = 1 X 10 rem/1 run uranium dose at Plant boundary

TOTAL (2 X 1918 rem) 4 (1 X 19718 rem) = 3 X 16'18 rem total uranium dose at Plant boundary ~

-

Mote The vranium dose i< an insignificant centributor to total dese from p:rutoniur cnd uranium.
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FLUIDIZED BED INCINERATOR - ROUTINE OPERATIONS
PLUTONIUM INCINERATION

200 tons of waste incinerated per year; 1866 nCi Pu per gram of waste, 0.8732 Ci alpha activity
per gram of waste; 8636 cubic meters per hour air emission flow {gte; feed rate of

waste = 150 lbs_per hour; HEPA filter reduction factor = 8 X 1874°,

X/Q = 3.5 X 187° seconds per cubic meter

Plutonium ipncinerated per year -

(208 tons yaste/yeat)(ZﬂﬂG lbs/ton) (454 g/1b) (188 nCi Pu/g waste) {1l X 18-3 uCi1/nC1)
= 1.8 X 10’ uCyr maximumPu incinerated per year

Plutonaum air emissions per year -
(1.8 X 107 uCi Pu/year) (8 X 15"15) =1X lﬂ’7 uCi Pu/year air emissions

air effluepnt concentration at buildang exat - o

(156 1bs yaste/hx)(454 g/1b) (180 nCa Pu/g waste}(l X 103 pCi/nC1)(8 X 18715)/(8636 m3/hr)
= 6§ X 167° pCi/m° at building exit

Alr concentration at Rlant boundary -
(150 1bs waste/hr) (454 g/1b) (180 n€i Pu/g yaste) (1 X 183 pca/nC1) (8 x 18715) (3.5 x 1075 s/m3)
/{(60 min/hr) (68 s/min)) = 5 X 107+° pCi/m” at Plant boundary
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FLUIDIZED BED INCINERATOR - ROUTINE OPERATIOIS
URANIUM INCINERATION
208 tons of waste incinerated per year; 188 nCi Pu per gram of waste; 8636 cubic meters
air egiSSlon flow rate, feed rate of waste = 150 lbs per hour; conceigration of uranium
1

1 X picocuries per liter; HEPA filter reduction factor = 8 X 187 °°; X/0 = 3.5 X 18~
per cubic meter

Uranium incinerated per year -

per hour
=

seconds

(200 tons waste/year)(zqyﬂ lbs/ton) (1 X 104 pC1 U/1 waste) (1l X 18'6uC1/pC1)/((0.264 gal/l) (

(8.5 lbs/gal)) = 1,78 x 10° uCi uranium incinerated per year

Urapium alr emissions per year -~
(1 78 » 183 uca U/year) (8 x 16‘15) =1 x 1071 uCi/year air emissions

Arr effluent concentration at building exat -

(156 lbs_Ygste/hr)(l x 184 pCi U/l waste) (8 X 10'15)/((8.5 1b/gal) (0.264 gal/l) (8636 m3/h:)

= 6 X 10 pCi/m~ ¢t building exit

Bir concentration at Plant boundary -

ool

(15¢ 1bs waste/hr) (1 x 18% pC1 U/} waste)(8 x 10715) (3.5 x 1073 s/m%)/((8.5 1b/aal) (8.264 gal/l)’

at Plant boundary

(66 min/hr) (6@ s/min)) = 5 X 10 pCi/m
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FLUIDIZED BED INCINERATOR -~ ROUTINE OPERATIONS
RADIATION DOSE AT PLANT BOUNDARY

Breathing rate = 2 66 X 162 milliliters_per second; dose conversion factors = 5.1 X 102 rem
per ricrocurie, plutonium, and 1.2 X 162 rem per microcurie, uranium

2t

A
€
Hours of incaneration operation per vear -
(260 tons waste/year) (2008 lb/ton)/(156 1lb/hr) = 2667 hours/year incinerator operating
Dose from plutonium -
(s 3 ¥ 16713 pca/m3) (2667 hg/year) (60 min/hr) {60 s/min) (2.66 x 102 m1/s) (1 x 1676 wuca/pca)
(5.1 x 162 rem/uc1)/(1 x 10 ml/m> = 7 X 167 rem/year plutonium dose at Plant boundary
Dose from uranium -
(5 2 x 18717 pci/m3) (2667 pr/year) (68 min/hr) (60 s/min) (2.66 X 102 m1/s) (1 x 10~ uci/pci) -
(1.2 X 102 rem/uCi)/1 X 186 ml/m = 2 X 1e- rem/year uranium dose at Plant boundary
Note The uranium dose 1s an insignificant contributor to total dose.
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FLUIDIZED BED INCINECRATOR
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